Introduction
Roy and co-workers [1] [2] [3] [4] first used the term nanocomposite in the early 1980s. The most general definition of a nanocomposite is a multi-phase compound in which one of the phases has a length scale in the nanometer range. In 1992 a more practical definition, the starting point for the present article, was been given by Komarneni [5] as 'composites of more than one Gibbsian solid phase where at least one-dimension is in the nanometer range and typically all solid phases are in the 1-20 nanometer range'. The solid phases can be crystalline or amorphous, or a combination of both. They can be inorganic or organic or a mixture of both. In principle this includes a wide range of biological systems, such as bone [6, 7] , teeth [7] , shells [8, 9] , ivory [10] and the accumulation of inorganic species in plants and animals at the cellular level [11, 12] . Whilst many of these systems are of intense current research activity, particularly in the case of regenerative medical applications [13] [14] [15] , they are beyond the scope of this chapter. Even with the exclusion of the biological nanocomposites, this still leaves a very wide range of types of systems and a further clarification is required. The focus here will be on man-made nanocomposites, specifically (a) nanoparticles in/on an inorganic matrix, (b) nanoparticles in/on a polymer matrix and (c) nanoparticle-nanoparticle composites. Clearly, except for (c), one of the phases, i. e. the matrix, could be have a dimension beyond 20 nm.
The wide variety of nanocomposite materials leads, in turn, to a very wide range of applications. These range from biomedical applications [13, 14, 16] [12, 52, 59] .
Successful technological application of nanocomposites clearly requires a detailed understanding of the underlying physics and chemistry, which in turn relies on a thorough knowledge of the structure at the atomic scale. X-ray absorption spectroscopy, XAS, is one of the many techniques that can provide information on the microstructure of materials and it has some specific advantages in the study of composites. In the next section we will outline the principles of XAS, the types of experiment and the particular advantages of the technique. This will be followed by a survey of the application of XAS to nanocomposites, restricting the discussion to the three classes of man-made nanocomposites listed above. The final section will summarise the conclusions of the studies and possible directions for future investigations.
Principles of X-ray Absorption Spectroscopy
In X-ray absorption spectroscopy the absorption coefficient, µ (= log [incident intensity/transmitted intensity]) of a sample is measured as a function of the incident photon energy across the absorption edge for the ejection of a core level (K or L) electron. The typical spectrum for condensed matter is shown in Figure 1 . Beyond the absorption edge there are oscillations referred to as fine structure, which can be about 1/10 of the size of the edge step and which decrease in magnitude with increasing X-ray energy. The whole region is referred to as X-ray Absorption Fine Structure (XAFS) and is divided into two regions, the X-ray Absorption Near Edge Structure (XANES) extending about 50 eV beyond the edge, and the Extended X-ray Absorption Fine Structure (EXAFS) extending typically 1,000 eV beyond the edge. In addition, there can be pre-edge features in the spectrum. All three types of feature provide structural information about the target atom, the atom that is emitting the photoelectron. The pre-edge features arise from excitations of the core electron to higher partially occupied states within the atom and can fingerprint the oxidation state of the atom. The pre-edge feature can also be used to determine the first neighbour co-ordination geometry [60] [61] [62] . The structural information from the EXAFS and XANES regions of the spectrum will now be considered in detail.
